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One developing application of magnetic nanoparticles is to use magnetically linked drugs in intra-arterial chemotherapy (IAC) procedures. 1 These magnetic drugs can then be selectively removed by deploying an endovascular magnetic device downstream of the targeted organ, 1,2 thus limiting off-target drug toxicities. In vitro studies used radiolabeled iron oxide nanoparticles (IONP) to quantify the number of particles captured on the device using a gamma counter. 2 To demonstrate efficacy in vivo, accurate quantification of the drug's distribution on the device, within the targeted organ, and systemically is necessary. The purpose of this study was to validate positron emission tomography / magnetic resonance imaging (PET/MRI) image-based quantification, using 89 Zr-PET signal, transverse relaxation rate (R , a coronal scan plane, a fat-suppression pulse applied every five TRs, and slab-selection.
Methods

In Vitro Experiment
In Vivo Experiment
With Institutional Animal Care and Use Committee approval, a 5 French catheter (Slip-Cath Beacon Tip, Cook Medical, Bloomington, IN) was placed into the common hepatic artery of a supine swine (45.8 kg, female), using X-ray guidance (Cios Alpha, Siemens Healthineers, Munich, Germany). Radiolabeling was the same as before, using 3.05 mCi 89 Zr per 25 mg IONPs in 10 ml saline, shaken, and separated into three aliquots: 1, 4, and 5 ml. We imaged before infusion, moved the scanner table away from the magnet bore for infusion, then imaged after each infusion. We used the same sequences as the in vitro study, except with an axial scan plane, 10 mm slice thickness, TE 5 [0. 
Data Analysis
PET images were reconstructed using a TOF ordered subsets expectation maximization algorithm in a 256 3 256 matrix, 5 iterations, 28 subsets, point-spread-function model, and a standard zaxis postfilter with cutoff 3.0 mm full-width at half maximum. We used nonattenuation correction (NAC) images in vitro, and attenuation-corrected (AC) images in vivo. Regions of interest (ROIs) were manually drawn on an MR image slice (OsiriX v. 6.0.2, Pixmeo SARL, Geneva, Switzerland). Postprocessing was performed in MatLab 2016a (MathWorks, Natick, MA). PET ROIs were interpolated to match the MR resolution for pixel-wise analysis. R Ã 2 was measured using a monoexponential fit of magnitude images. Quantitative susceptibility maps (QSM) were reconstructed using the Morphology Enabled Dipole Inversion (MEDI) toolbox. [4] [5] [6] [7] In vitro, we used a spherical mean value operator of 
Results
In Vitro Results
There was a significant linear relationship with good correlation between 89
Zr-IONP concentration and the mean for each parameter (Fig. 1, Table 1 ). Each parameter also demonstrated a significant linear relationship with each other pixel-wise, which was well described by the least-squares fit line (Fig. 1c) .
In Vivo Results
Mean 89
Zr-PET, R Ã 2 , and v showed good correlation with a linear relationship to concentration, but only R Ã 2 demonstrated significance (Fig. 2, Table 2 ). While this study includes validation in a phantom and feasibility in vivo, it has limitations. The liver has unique challenges that affect QSM accuracy, including chemical shift caused by fat. A water-fat separation method would provide more accuracy. 8 Fatsaturation appeared slightly inhomogeneous. It may also suppress some water signal, leading to lowered signal-to-noise ratio (SNR) and R Ã 2 estimates, 9 so our R Ã 2 rates may be low. DR Ã 2 may be required for broader ranges. It was difficult to achieve a homogenous IONP distribution in the phantom and liver. The nanoparticles are used as a proxy for magnetically linked drugs; the drug delivery mechanism needs to be optimized for hepatic delivery, 10 Since the endovascular filtration device is magnetic, it cannot be used in the scanner, and PET/MRI quantification cannot be performed in real time during the infusion; coregistration between scans will be needed.
In conclusion, this study demonstrated feasibility of imagebased quantification of radiolabeled magnetic nanoparticles using PET/MRI in vitro and in vivo for a multimodality assessment of 89 Zr-IONP biodistribution. 
